Background Ideal surgical treatment for hallux valgus is still controversial. A traditional distal metatarsal osteotomy with rigid fixation (Scarf procedure) and a more minimally invasive approach to a distal metatarsal osteotomy, termed SERI (Simple, Effective, Rapid, Inexpensive), have proven successful with short-term followup. However, no data are available directly comparing the two procedures. Questions/Purposes We performed a prospective randomized trial to determine which technique (SERI or Scarf) was associated with (1) better functional outcomes, (2) better radiographic correction, and (3) fewer complications at 2 and 7 years followup. Methods Twenty patients, 53 ± 11 years of age, with bilateral hallux valgus, clinically and radiographically similar, underwent bilateral surgery with Scarf on one side and SERI on the other, at random. Clinical (AOFAS score) and radiographic assessments were considered before surgery, and at 7 years followup. Results SERI and Scarf techniques provided correction of the hallux valgus angle, intermetatarsal angle, and distal metatarsal angle in the range of normal. Both led to similar clinically important improvements in the AOFAS.
Introduction
Hallux valgus is a common and disabling condition [6] . The aim of surgical correction of hallux valgus is to rebalance the first ray and correct the various features of the deformity [9] [10] [11] [12] . Despite the common occurrence of this condition, treatment remains controversial with more than 150 surgical procedures described [2, 18, 20] . Distal first metatarsal osteotomies traditionally have been indicated for correction of mild-to-moderate deformities with an intermetatarsal angle (IMA) as much as 20°and for correction of the distal metatarsal articular angle (DMAA) [18] . The Scarf osteotomy is a distal first metatarsal osteotomy that is popular in Europe. It allows for the use of strong fixation and often is combined with other osteotomies and soft tissue procedures [5, 22] . There is a trend toward more minimally invasive approaches to distal metatarsal osteotomies that have the theoretical advantages of less soft tissue dissection and the need for only temporary hardware [3, 19] .
Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that the Independent Ethical Committee of his or her institution has approved the study protocol, including the study rationale, design, material, methods. One such approach is the SERI (Simple, Effective, Rapid, Inexpensive) osteotomy performed through a small incision under direct visual control that allows for fast and safe correction of the deformity [10] . Although one study reported the outcome of a single surgical procedure for hallux valgus [7] , there is only one study between Scarf and a less invasive approach for a distal metatarsal osteotomy [16] and none to our knowledge, with long-term followup.
In this prospective randomized study, we sought to determine which technique (SERI or Scarf) was associated with (1) better functional outcomes, (2) better radiographic correction, and (3) fewer complications at 2 and 7 years followup.
Patients and Methods
The local medical ethics committee approved the study; all patients received oral and written study information. All the described devices are approved by FDA.
Twenty consecutive female patients, mean age of 53 ± 11 years, with bilateral hallux valgus clinically and radiographically were recruited for this study (Fig. 1 ). All patients underwent bilateral surgery in the same surgical setting, receiving SERI osteotomy on one foot and Scarf osteotomy on the other according to a randomly generated list.
Inclusion criteria were patients between 20 and 70 years old with bilateral hallux valgus similar in severity in both feet. The hallux valgus angle (HVA) ranged from 15°to 40°and the IMA averaged less than 20°. All patients had adequate ROM of the first metatarsophalangeal (MTP) joint. All patients reported having pain and difficulty wearing shoes, with no benefit from conservative treatments. Patients were excluded if they had rheumatoid arthritis or other inflammatory diseases, previous hallux valgus surgery that failed, interphalangeal hallux valgus, symptomatic or radiographic evidence of arthritis of the MTP joint, or associated deformities in other joints of the foot. None of the patients had preexisting transfer lesions or first-ray hypermobility.
Clinical evaluation data were collected preoperatively, 24 months postoperatively, and at final followup 7 years after surgery using the AOFAS score [14] .
Radiographic examination included dorsoplantar and lateral weightbearing views of the forefoot, allowing assessment of arthritis and congruency of the joint (Fig. 2) . The measurement of HVA, IMA, and DMAA were evaluated preoperatively and at both followup periods [15] . Radiographic evaluation was performed according to standardized procedures. Measurement on the dorsoplantar weightbearing radiographs of the HVA, IMA, and DMAA were made. The HVA was measured as the angle between the line from the center of the metatarsal base to the center of the first metatarsal head and the line connecting the midpoints of the proximal and distal articular surfaces of the proximal phalanx. The IMA was measured as the angle between the line of the first metatarsal and the line bisecting the diaphyseal portions of the second metatarsal, and the DMAA describes the lateral slope of the articular surface in relation to the long axis of the first metatarsal.
The surgical procedures were performed with the patient receiving local or block anesthesia, while in the supine position, and under tourniquet control. The foot is kept externally rotated with its lateral edge on the operating table. Manual stretching of the adductor hallucis is performed forcing the big toe into a varus position.
For SERI, a 1-cm medial incision is made just proximal to the medial eminence through the skin and subcutaneous tissue, down to the bone.
The osteotomy is performed using a standard pneumatic saw with a 9.5 9 25 9 0.4-mm blade. A 2-mm K wire is inserted using a normal drill passing through the incision into the soft tissue adjacent to the bone in a proximodistal direction along the longitudinal axis of the great toe. The K wire exits at the medial area of the tip of the toe approximately 5 mm below the medial border of the nail. The wire is advanced past the osteotomy allowing a small grooved lever to manipulate the osteotomy site and achieve correction of the deformity. Stabilization of the correction then is obtained by inserting the K wire into the diaphyseal channel in a distal-proximal direction until its proximal end reaches the metatarsal base. In two cases in the SERI group, the metatarsal head was slightly dislocated plantarly to reduce metatarsalgia.
If the proximal stump of the osteotomy is medially prominent, a small wedge of bone is removed. The skin is sutured with only one 3-0 reabsorbable stitch. The distal extremity of the K wire is curved and cut out of the tip of the toe. Duration of surgery was recorded. For the Scarf ostetomy, a 3-cm medial incision is made from the medial eminence to the base of first ray through the skin and subcutaneous tissue. The Z osteotomy is performed using a standard pneumatic saw. The correction is obtained moving the distal stump of the metatarsal depending on the pathoanatomy of the deformity.
Two 3-mm screws are used for stabilizing the osteotomy site. If the proximal stump of the osteotomy is 
The skin is sutured with one 3-0 reabsorbable stitch (Fig. 3) .
With both techniques, by changing the inclination of the osteotomies, all the characteristics of the deformity were corrected (Fig. 4) . In cases of first-ray insufficiency the distal fragment was displaced plantarward and when the first ray was overloaded the distal fragment was displaced dorsalward (Fig. 5) .
Postoperative care was similar in both groups and consisted of a gauze bandage, with ambulation being allowed immediately using talus shoes for 30 days. After 1 month, comfortable normal shoes, cycling, and swimming were advised.
Results
All the patients underwent clinical and radiographic evaluations at 2 and 7 years after surgery (Fig. 6 ). According to the AOFAS score, the SERI group improved from 51 ± 10 preoperatively to 89 ± 10 at 2 years followup. At 7 years the AOFAS score for the SERI group was 81.2 ± 15.1. A significant improvement of 29.6 ± 22.3 points (p = 0.002), with respect to the preoperative score, was still evident even if a decrease of the clinical score was seen with time.
The Scarf group preoperatively scored 48 ± 9 according to the AOFAS score and 87 ± 12 at 2 years followup. At 7 years the AOFAS score for the Scarf group was 77.6 ± 16.6. A significant improvement of 30.7 ± 15.7 points (p \ 0.0005) with respect to preoperative score was evident even if a decrease of the clinical score was seen with time. (Fig. 7) .
Two patients who underwent the Scarf procedure required hardware removal owing to intolerance, whereas reduction of ROM with respect to preoperative ROM was observed in three patients who had the SERI osteotomy and three who had the Scarf osteotomy. There was only one poor result (AOFAS score, 61), in a patient in the Scarf group, with arthritis and severely reduced ROM of the first MTP joint, with transfer metatarsalgia.
The average surgical time of the procedure was 17 minutes for the Scarf and three minutes for the SERI (p \ 0.0005). No intraoperative or postoperative complications were found; in particular, no pin tract infections, nerve injury, or avascular necrosis of the first metatarsal head was recorded. All osteotomies had healed properly by the 6 months radiographic control.
Eight patients expressed their subjective preference for the SERI procedure because of the less-evident scar (Fig. 8) .
Discussion
Numerous studies have been reported regarding different hallux valgus correction techniques, and a review of the literature reveals satisfaction with all the operations to be in the upper 80% level and higher [1, 2, 5, 13, 17, 18] . However, there is scant information in the literature directly comparing different techniques. In our prospective comparative study, a bilateral surgical procedure is performed and each patient, selected for having bilateral hallux valgus of the same grade, received the SERI technique in one foot and Scarf technique in the other. This study design produced a homogenous case series and overcame subjective variability in the evaluation of parameters such as pain, for example.
Nevertheless a small number of patients is the major limiting aspect of our study.
The clinical and radiographic results were similar in both groups. A decrease of the clinical score was observed with time in both groups that was related partially to slight reduction of the ROM of the first MTP joint, and also arthritic changes of the ipsilateral joints occurred with time and were not necessarily related to the procedures.
The Scarf procedure requires two screws for fixation, and the procedure is not free of complications, as rates of 5% to 10% including superficial wound infection, traumatic dislocation of the distal fragment, and hallux limitus, have been reported [4, 21] .
The minimally invasive hallux valgus correction SERI is not a new technique because it uses an osteotomy and a stabilization method already described. Nevertheless, it has high versatility and efficacy as it provides a combination of the strengths of the previously described procedures resulting in a technique with unique characteristics of minimal invasiveness, simplicity, versatility, and good stability of the construct. Different types of percutaneous techniques stabilized with a temporary K wire have been described in the literature, but concerns regarding these techniques may exist as the correction is performed blindly and use of a fluoroscope is required [17] . The SERI technique is performed through a 1-cm medial incision that permits direct control of the osteotomy and of the displacement and stabilization and is capable of overcoming the expressed concerns [3, [9] [10] [11] [12] 20] .
Two patients in the Scarf group required hardware removal for intolerance, and the only poor result was in the Scarf group and was caused by arthritis and severely reduced ROM of the first MTP joint, with transfer metatarsalgia. The patient has thus far refused revision surgery. The surgical time was significantly less with the SERI technique, with no greater level of intraoperative and postoperative complications.
Our study confirmed that the Scarf and SERI osteotomies are effective for correction of hallux valgus and provided similar results with time, in line with other prospective and retrospective case series in the literature [1, 13] .
However the SERI, performed with a minimal skin incision and less surgical time, fixed with a less expensive device (one K wire), resulted in greater patient satisfaction and may be preferable. 
